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INTRODUCTION   
Agriculture in many areas in Michigan relies on large amounts of groundwater 
withdrawals for irrigation.  Residential wells in several areas of Saginaw County, 
Michigan, recently went dry after the beginning of the irrigation season.  The relationship 
between the water-level declines in residential wells and ground-water withdrawals from 
irrigation wells has been the subject of many local investigations in the past.  A numerical 
model is developed in this study to evaluate the possible effects on groundwater 
withdrawals from irrigation wells on residential wells. In particular, a new object-
oriented technology, called Interactive Groundwater (IGW), is used to model an aerially 
expansive area while, at the same time, easily, freely, and interactively zooming into a 
hierarchy of nested sub-areas, or patches, from regional-scale to local scale to site scale. 
The IGW software automatically couples the scale-dependent model sequence and 
provides high-resolution solutions across multiple spatial scales. This report, 
demonstrates the complete process of modeling and visualizing groundwater flow, 
drawdown effects, and potential contaminant transport in response to irrigation events.   
This report also aids the decision support system for the regulation of high capacity 
groundwater withdrawals in Michigan’s Lower Peninsula through the use of IGW, which 
helps provide a cost effective solution to help this dispute. 
 
REAL-TIME GROUNDWATER MODELING TECHNOLOGY  
Taking advantage of the recent developments in computer technology, contaminant transport 
modeling, and numerical simulation techniques, Dr. Li and his research team have recently 
developed a sophisticated combined research and educational software environment for unified 



deterministic and stochastic groundwater modeling. Based on a set of new efficient and robust 
computational algorithms, the software allows simulating complex flow and transport in aquifers 
subject to both systematic and "randomly" varying stresses and geological and chemical 
heterogeneity. Adopting a new programming paradigm, the software eliminates a major 
bottleneck inherent in the fragmented traditional modeling technologies and allows fully utilizing 
today’s dramatically increased computer processing power. For the first time, the software 
enables real-time groundwater modeling, real-time visualization, real-time analysis, and real-time 
presentation.  

BENEFITS OF NEW APROACH 
The traditional method of modeling is inadequate to model large areas because the 
groundwater modeling of large areas is infeasible and too expensive.  The traditional 
method is inadequate for simulating the more detailed local and site flow dynamics at 
individual well fields.  A finer resolution is needed in some areas in order to accurately 
determine drawdown at or near the well of interest, better define wellhead delineation 
areas (WHPP) and contaminant transport problems.  The traditional approach may 
provide results inefficiently and impractically in a number of critical problems involving 
water flow and contaminant transport provide such as:  (1) defining wellhead delineation 
areas (WHDA) for low capacity wells in the community and (2) contaminant transport 
issues regarding multiple areas of contamination.  In special complex groundwater cases, 
using the traditional approach to solve these problems will be very difficult to do and will 
be performed much less efficiently. IGW's hierarchical modeling capability allows the 
user to easily and interactively zoom into a local scale from the regional scale and can 
handle multiple areas of interest while at the same time saving computational cost and 
time.   
APPROACH 
Since the relationship between the water-level declines in residential wells and ground-
water withdrawals from irrigation wells has been the subject of many local investigations, 
a numerical model is developed in this study to evaluate the possible effects on 
groundwater withdrawals from irrigation wells on residential wells. In this project, we 
have used the IGW software (2-dimensional version).  We have modeled the Saginaw 
county area of interest based on the available data.   Interactive Groundwater (IGW), that 
can be used to model an aerially expansive area while, at the same time, easily, freely, 
and interactively zooming into a hierarchy of nested sub-areas, or patches, from regional-
scale to local scale to site scale. The IGW software automatically couples the scale-
dependent model sequence and provides high-resolution solutions across multiple spatial 
scales. Described below, is the process used in modeling and visualizing groundwater 
flow, drawdown effects, and potential contaminant transport in response to irrigation 
events. 
 
The Saginaw county area geology consists of two main aquifers, which are (1) the 
bedrock aquifer and (2) the drift aquifer (Figure 2).  According to the available data there 
are irrigation and residential wells in both aquifers.   The aquifers seem to by 
hydraulically distinct which means that when pumping from the drift there is no impact 
on the bedrock and vice versa. 
 



Using the available data for the Saginaw County area a two-dimensional regional model 
was performed for the bedrock aquifer.  Its thickness was obtained from available well 
logs.  Figure 3 represents the plan view of the initial model area used to in calibration.  
This model was calibrated with 24-hour pump test data acquired for one of the irrigation 
wells.  The calibration results obtained by using the 24-hour pump test data are presented 
in Figure 4.  Once the initial model was calibrated, it was later expanded to include a 
larger area of Saginaw County in order to see the irrigation well interaction in the 
Saginaw aquifer.  The calibrated model is presented in Figure 3. along with the expanded 
model found in Figure 5., which shows the irrigation wells interactions.  Hierarchical 
modeling was also used to better determine the drawdown at or near the irrigation wells 
(Figure 6.).  Reverse particle tracking was performed to better define the wellhead 
delineation areas of both the low capacity wells and the irrigation wells (Figure 7.). 
 
SIGNIFICANCE AND FUTURE PLAN 
Our longer term objective is to extend the pilot project to a full implementation calibrated 
to real-data live-linked with the detailed state-wide GIS database with the capability of 
real-time, interactive extraction of a hierarchy of submodels that can be used for a wide 
range of applications in water resources management, natural resource management, 
pollution control, groundwater site characterization, remediation design, and water 
security/defense issues.  
 
The fully implemented statewide model will provide an innovative and highly effective 
platform for professional communication and for facilitating community-based 
environmental protection related to groundwater resources. The new technology will 
broaden opportunities and enable the informed participation of citizens and improve 
interactions between government institutions, their constituents, and consultants. The 
benefits from the real-time simulation technology will include the following: 
 

1. Site planners, managers, and regulators could experience in real-time the impact 
and effectiveness of management, sampling, and cleanup scenarios to improve 
policy-making decisions; They can become much more effective in engaging the 
general public and informing high-level decision makers about the implications of 
the fate and transport of contamination and the impact on the groundwater 
environment and the affected communities. 

 
2. Consultants could make much more effective use of the subsurface data, design 

better monitoring network to collect additional data, and characterize more 
accurately contamination site dynamics at much less cost.  They also could more 
easily communicate a solution, a design, or strategy to their clients. 

 
3. The local community could visualize the invisible subsurface and experience and 

understand the impact of a proposed management and cleanup schemes and 
pollution control measures in an intuitive, vivid, and interactive way. They can 
also visualize the potential impact of their own activities on the groundwater 
environment and their drinking water supply. Thus, they are motivated and 



empowered to engage in the intricate process of community-based environmental 
management, planning, protection, and cleanup. 

  
4. Policymakers and politicians could use real-time interactive simulation as a public 

relations effort to reveal future environmental plans related to groundwater 
resources management and remediation.  

 
Coupled with the information explosion and the widespread popularity of computers, 
the new technology may significantly improve the true public involvement in 
groundwater protection where the 'public' is a major stakeholder. 

 

For more information on the IGW software please visit the following website: 

 

http://www.egr.msu.edu/~lishug/research/igw/index.htm 
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